PACKAGE SEALING METHOD, MANUFACTURING METHOD OF 
ELECTRONIC DEVICE MODULES, SEALING APPARATUS, 
AND PACKAGED PRODUCTS 

BACKGROUND OF THE INVENTION 

The present invention relates to a sealing method 
for sealing a package housing products such as 
electronic devices or the like, a sealing apparatus, 
and to a packaged product to be manufactured by the 
sealing method. 

In recent years, fine electronic components have 
been highly in demand with the miniaturization of 
electronic devices. For example, in a crystal 
oscillator module, a crystal oscillator is mounted to 
a thin case and thereafter is sealed with a lid. The 
module as a packaged product is to be manufactured- As 
for sealing method, seam welding has been employed in 
general and soldering has been also used. 

However, the above sealing methods have been with 
the following problems, 

(1) Case of seam welding: 

As welding medium, Kovar ring is used. Kovar 
should be molded into a shape of ring or anything else, 
which leads to increasing the manufacturing cost. 

Welding speed is slow and thus the productivity 
is rather limited. 

An apparatus for seam welding usually is 
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expensive . 

Seam welding is not suitable for small sized 
packages because it is really a task to realize a welding 
apparatus that works precisely for such miniaturized 
packages • 

(2) Case of soldering by electron beam heating: 
It is very likely that thermal damage is given to 

cases usually made of ceramics and as a consequence 
cracks may be generated in those cases. 

A pressure mechanism for fixing the lid and the 
case to be welded tends to be rather complex because 
these elements need to be fixed in a way that never 
interferes with the electron beam for welding, 

(3) Case of soldering by heating the whole case: 
When the whole case is heated, a crystal 

oscillator is also heated* For this reason f there is 
the possibility that the frequency of the oscillator 
may be shifted after sealing. 

SUMMARY OF THE INVENTION 
The present invention has been made in order to 
solve the above problems „ The objective of the present 
invention is to provide a package sealing method and 
a package sealing apparatus that improves the 
productivity and the reliability of packaging products 
without compromising the performances of packaged 
products. 
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In order to achieve the above object, the present 
invention provides a package sealing method comprising 
the following steps of: interposing a bonding member 
between a case housing a product and a lid made of 
material that transmits a laser beam used for sealing; 
irradiating the bonding member with the laser beam 
through the lid so that the bonding member is melted; 
and welding the case and the lid together via the bonding 
member. The bonding member is formed on the case or 
the lid and thereby the sealing can be carried out 
efficiently and effectively. 

According to the above method, the following 
effects can be obtained. 

(1) Welding portions of the case and the lid are 
locally heated using the laser beam, and thereafter, 
the bonding member is melted so that the case and the 
lid are welded together. Therefore, heat can hardly 
be conducted to the packaged product. Accordingly, it 
is possible to prevent any deterioration in the 
performances of the packaged product by heat and thus 
improve the reliability of the packaged product. 

(2) An irradiation energy of the laser beam is 
controlled with high accuracy and therefore the optimal 
condition for welding is easy to obtain. Further, the 
lid that is highly transparent for the laser beam is 
used and so that the energy for sealing can be very 
effectively utilized. 
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(3) Unlike seam welding r no undesired trace due 
to welding is left and therefore the appearance of 
package can never be harmed. 

The case and the lid are fixed together by 
pressuring one to the other. Also they are fixed 
together by vacuum chucking one to the other through 
a hole attached to the case. After the case and the 
lid are fixed f a metal is placed in the hold and then 
a laser beam is focused onto the metal so that it can 
be melted to seal the hole- By doing so, the sealing 
is completed without giving any thermal damage to the 
product packaged in the case, and thus the reliability 
of the product is never jeopardized. 

Not only welding the case and the lid but also 
sealing the hole attached to the case can be done using 
the same laser beam wavelength. Therefore, a single 
laser beam irradiation- apparatus may be used in common 
for both processes and the whole sealing apparatus can 
be simplified. 

For welding the case and the lid, the laser beam 
may be focused and scanned on the bonding member point 
by point. Moreover, the laser beam is transmitted 
through a phase hologram so that a diffraction light 
pattern is generated and thereafter the diffraction 
light pattern may concurrently strike every point of 
the bonding member. 

According to the above irradiation method of 
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scanning a laser beam r the laser beam is steered by a 
relatively simple means. On the other hand, according 
to the method using a phase hologram, the incident light 
can be efficiently used and the welding may be quickly 
performed with a good uniformity of weld quality and 
that greatly contributes to the improvement of the 
packaging productivity. 

With the above phase hologram in use, some light 
energy can be reserved in the zero-th order diffracted 
beam and the diffraction light pattern can be positioned 
by referring to the location of the zero-th order 
diffracted beam. 

Moreover, the laser beam for sealing the package 
is focused with a condensing lens while the phase 
hologram is arranged between the condensing lens and 
the lid and thereafter the position of phase hologram 
is decided on the optical axis such that a diffraction 
light pattern from the phase hologram can be obtained 
with its desired dimensions. Because of this scheme, 
a suitable optical pattern for welding the case and the 
lid can be readily obtained. 

A temperature distribution over a weld portion of 
the case and the lid is monitored during the irradiation 
of laser beam to the bonding member, and thereby the 
irradiation conditions are suitably adjusted in 
accordance with the temperature of the weld portion. 
Therefore, welding the case and the lid together can 
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always be perf ormed appropriately by knowing the actual 
on-site conditions - 

Further, the bonding member is preheated , and 
thereafter is irradiated with the laser. By doing so, 
it is possible to save both time and energy needed to 
complete the packaging. 

An electronic device module can be manufactured 
by packaging an electronic device in the case using the 
above method. 

Moreover, in order to carry out the above method, 
the present invention provides a sealing apparatus for 
welding a case housing a product and a lid together by 
a bonding member, comprising: a fixing means for fixing 
the case and the lid; and a laser beam irradiation 
apparatus for irradiating the bonding member with a 
laser beam. 

As fixing means, a pressure apparatus is used and 
besides it is possible to use a vacuum chucking 
apparatus for fixing the lid to the case using a hole 
formed to the case. Further, the sealing apparatus may 
be provided with a laser beam irradiation apparatus for 
melting a metal arranged in the hole formed to the case. 

The sealing apparatus of the present invention may 
be provided with a laser scanner for sequentially 
irradiating the bonding member with a laser, or a phase 
hologram for concurrently irradiating every point of 
the bonding member with a diffraction light pattern of 
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laser beam. 

Further, the sealing apparatus of the present 
invention may be provided with a temperature monitor 
for monitoring a temperature distribution over a weld 
portion of the case and the lid during the irradiation 
of the bonding member with a laser. 

Furthermore, the sealing apparatus of the present 
invention may be provided with a heater for preheating 
the bonding member to be irradiated with a laser beam. 

With these apparatuses, the aforementioned 
methods can be implemented and manufacturing the 
packaged products can be conducted with the expected 
advantages • 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view to explain a crystal oscillator 
module manufactured by one method of the present 
invention; 

Fig- 2 is a view to explain a manufacturing 
apparatus of a crystal oscillator module according to 
a first embodiment of the present invention; 

Fig. 3 is a view showing an appearance of a lid 
having one side with a bonding member attached hereto, 
which has a low melting point as presented in a first 
embodiment ; 

Fig. 4 is a view to explain a manufacturing 
apparatus of a crystal oscillator module according to 
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a second embodiment of the present invention; 

Fig. 5 is a view* to explain a diffraction light 
pattern generated by a phase hologram in the second 
embodiment ; 

Fig. 6 is a view to explain a manufacturing 
apparatus of a crystal oscillator module according to 
a third embodiment of the present invention; 

Fig- 7 is a view to explain a method for sealing 
a vacuum chucking hole in the third embodiment; 

Fig. 8 is a view to explain a manufacturing 
apparatus of a crystal oscillator module according to 
a fourth embodiment of the present invention; 

Fig. 9 is a view to explain a method for positioning 
a diffraction light pattern when manufacturing a 
crystal oscillator module using a phase hologram; and 

Fig. 10 is a perspective view showing an upper 
surface of a photo-detector shown in Fig. 9. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described below with 
relation to manufacture of an electronic device module 
(or an electronic device package) - The device to be 
packaged is not specially limited to an electronic 
device. A crystal oscillator module using a crystal 
oscillator will be described below as one example. 

First, the following is a description of a crystal 
oscillator module to be manufactured by using one method 


8 


according to the present invention. Fig, 1(A) is a 
perspective view showing a crystal oscillator module, 
and Fig. 1(B) is a cross sectional view of the crystal 
oscillator module. 

A crystal oscillator module 1 is constructed in 
the following manner. More specifically, a crystal 
oscillator 12 is fixed in a case 10 made out of ceramics 
and the case 10 is sealed by a lid 14. The lid 14, which 
is made of inorganic material such as a glass, transmits 
a laser beam. Preferably, a material having a 
coefficient of linear expansion close to that of 
ceramics (used forming the case 10 ), for example, 
borosilicate glass, is employed for the lid 14 and 
thereby the lid 14 can hardly be separated from the case 
10 due to varying ambient temperature. 

These case 10 and lid 14 are welded together by 
melting a bonding member 16 held between them and 
thereby the case 10 is sealed. For this purpose, the 
bonding member 16 should be a material having a 
softening point (at which it exhibits some fluidity) 
lower than those of the case 10 and lid 14. A softening 
point of the borosilicate glass differs depending upon 
the composition; there exists borosilicate glass 
having a softening point of about 800 °C. In the 
present invention, a type of glass having a softening 
point of 272 °C is usable as the bonding member 16. 
First Embodiment 
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Fig* 2 is a view to explain a manufacturing 
apparatus of a crystal oscillator module according to 
a first embodiment of the present: invention. In this 
first embodiment, the bonding meiiber 16 is interposed 
between the case 10 housing a crystal oscillator and 
a lid 14 (see Fig. 3) , and the latter has a bonding member 
16 with a low melting point attached to the periphery 
on its top side. Then, these components are set between 
a stationary side 30 and a mobile s: 
that transmits the laser beam) 31 
apparatus in Fig. 2. These stati 


ide (made of material 
2 of a pressure 
ionary side 30 and 


mobile side 32 are clamped with a clamp screw 34 so that 
the case 10 and the lid 14 are pressed and fixed. After 
the lid 14 and the case 10 are filxed, a laser beam 38 
from a laser beam irradiation apparatus (not shown) is 
focused via a lens 36 onto the bond 
the mobile side 32 and the lid 14 


ing member 16 through 
The focused laser 


beam is scanned along the bonding mjember- 16 to irradiate 
it point by point using a scanner (not shown) . By the 
above irradiation, the bonding meitjber 16 is melted, and 
as a result the case 10 and the lid 14 are welded together 
via the bonding member 16 and thoreby the case 10 is 
sealed. In the manner as described above, the crystal 
oscillator module 1 housing a crystal oscillator 12 as 
shown in Fig. 1 is formed- After the sealing is over, 
the pressure is released by the pressure apparatus and 
thereafter the crystal oscillator nodule 1 is taken out. 
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The above manufacturing 
thereby a laser beam is delivered 
that is , the only portion where 
formed. Therefore, it is possi&le 
electronic device module without 
damage to an electronic device o 
it. 


is employed and 
to a desired portion r 
a bonding member is 
to manufacture an 
giving any thermal 
r devices packaged in 


Second Embodiment 

Fig. 4 is a view to explaih a manufacturing 
apparatus of a crystal oscillator module according to 
a second embodiment of the present invention* in this 
second embodiment, in place of th€> scanner for scanning 
a laser beam described in the first embodiment, a phase 
hologram (or phase grating) 39 is arranged in the laser 
beam path. The phase hologram 39 is designed to 
generate a diffraction light pattern that matches the 
arranged bonding member 16 in terns of shape and size. 
The diffraction light pattern 40 

bonding member 16 while simultaneously melting the 
whole portion of the bonding member 16 arranged on the 
lid 14 and thus the lid 14 is welded to the case 10 to 
seal it. Therefore, it is possible to greatly improve 
the productivity of the sealing. 

Fig. 5 is a view to explain 
pattern generated by the phase hologram shown in Pig. 
4. A laser beam 38 is diffracted fcy the phase hologram 


a diffraction light 


39, and then, is converted into a 
so as to form a diffraction light 


diffraction beam 38a 
pattern 4 0 having a 


rectangular frame that matches the bonding member 16 
The diffraction light pattern 40 is delivered to the 
bonding member 16 through the mobile side 32 of the 
pressure apparatus and the lid 1<[ so that the bonding 
member 16 is melted. 

In this second embodiment, the phase grating or 
phase hologram is used for generating the diffraction 


light pattern to heat and melt tl 
described above. The details of 


e bonding members as 
the phase grating or 


phase hologram have been disclosed in the document. 


"APPLIED OPTICS" vol. 26, No. 14/1S> 
of digital holograms by direct i> 


contents of which are hereby incor] ^orated by reference 
The phase hologram used in this pecond embodiment is 
realized via the following processes* A phase 
distribution is computed using the method disclosed in 
the above document , and then a CAD data is prepared based 
on the phase distribution to make a photo-mask and 
thereafter such in-line processes as photo- lithography 
and dry etching are carried out to obtain the hologram 
in a durable material like fusee silica. 

The specifications of the laser beam irradiation 
apparatus used in the above first ajid second embodiments 
are as follows . 

Light source: YAG laser 
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July 1987 "Synthesis 
i i nary search" , the 


Wavelength: 1064 ran 
Power: 10 W 
Beam width: 10 mm (in diamfeter) 
Oscillation: continuous osc 


illation 

Irradiation time: 5 to 6 seconds 

It should be noted that the! above list of laser 
specifications is merely one example, and other many 
combinations of laser specifications may be considered 
in accordance with various packaging applications 
For example, another wavelength 
YAG laser, a YLF laser (wavelength 
(wavelength 10.6 £tm) may be used 
If a C0 2 laser is used as the li 
as the material for lid 14, it is 


transparent material at the wavelength of 10.6/zm, such 
as silicon (Si), zinc selenium (ZnSe) or the like. 

Moreover, a heater is independently provided so 
as to preheat the laser beam irradiated portion of the 
bonding member 16 and thereafter a [Laser beam is focused 
onto the preheated portion- By dc ing so, laser energy 
needed to melt the bonding member] 16 can be saved and 
therefore it is possible to reduc^ the cost to be paid 
for the laser beam irradiation . 


e.g., 532 nm) of the 
1047 nm) , a CO a laser 
as the light source. 
£ht source , however , 
preferable to use a 


Third Embodiment 

Pig. 6 is a view to explain 
apparatus used for housing a cry a 
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a manufacturing 
tal oscillator in a 


case according to a third embodiment of the present 
invention- In this third embodiment, the case 10 and 
the lid 14 are welded and fixed by using vacuum chucking, 
not pressure. 

For this reason, the case 10|:is previously formed 
with a through hole 10a at its bottom surface- Then 


the case 10 is arranged on a base 


intake hole 42a, so that the through hole 10a and the 


each other at their 
is placed on the top 
end of the air intake 


1;he lid 14, the vacuum 


intake hole 42a are aligned with 
one end and thereafter the lid 14 
surface of the case 10. The other! 
hole 42a of the base 42 is connected to a vacuum pump 
43, 

When welding the case 10 and 
pump 4 3 is used to put the insidd of the case 10 into 

a vacuum state via the air intake hole 42 a and the 

i 

through hole 10a, and the lid 14 is vacuum— chucked onto 
the case 10. As the lid 14 is fixed, a laser beam is 
focused onto the bonding member 1< 

member 16 is melt and thus the li<# 14 is welded to the 
case 10 to seal it. 

This third embodiment is nojfe limited to the 
example shown in Fig. 6, and may be cbnf igured in another 
way as long as the inside of the pase 10 is made into 
a vacuum state so that the lid 14 
10. 

Moreover, in this third embodiment, a laser beam 


42, which has an air 


6 so that the bonding 


is fixed to the case 


14 


has been delivered using the phase hologram 39- The 
laser beam may be delivered usinig the scanner as 
described in the first embodiment . 
The following is a descriptj 


sealing the through hole 10a fonied to the case 10 in 
order to vacuum-chuck the lid 14.; Fig. 7 is a view to 
explain a method of sealing the hole 10a. A metal f for 
example, a gold-tin alloy 17 is arianged in the through 
hole 10a of the case 10 with the -Lid 14 welded to it, 
and thereafter a laser beam 44 from a laser beam 


ion on a method of 


; is focused onto the 

; 
i 

:he through hole 10a 


irradiation apparatus {not shown] 
metal so as to melt it and thus 

is sealed. A lead-tin alloy may b& used as a seal metal 

i 

in addition to the above gold-tin alloy 17, 

A single laser wavelength caii be used not only for 

i 

welding the case 10 and the lid 1<\ but for sealing the 

i 

hole 10a and thus a single laser j 

apparatus can be used for the abovoj welding and sealing 

operations in common . 

| 

Moreover, a laser beam is used for adjusting the 

I 

frequency of a crystal oscillate:?. Though depending 
on the needed accuracy of the frequency adjustment, the 
laser wavelength used for adjusting the frequency may 
be selected to be the same wavelength as the laser beam 

used for welding. Therefore, the; laser beam 

i 

irradiation apparatus can be mon» cost-effectively 
used. 
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Fourth Embodiment: 

The above second or third eriibodiment has already 
described the method of welding t|xe case 10 and the lid 
14 using a phase hologram. In this fourth embodiment, 
a method for adjusting the dimensions of a diffraction 


light pattern from the hologram 

Fig. 8 is a view to explain 
apparatus of a crystal oscillator 

a fourth embodiment of the present invention. The 
phase hologram 39 is arranged between the lens 36 and 


will be described, 
a manufacturing 
module according to 


the bonding member 16; so that it 


the optical axis for precisely ad j 
of the diffraction light pattern 
from the lens 36 to -dhe bonding 


by f , and a distance from the phase hologram 39 to the 


bonding member 16 is donated by d, 


can be positioned on 
testing the dimensions 
Now, the distance 
Jnember 16 is donated 


Lf the phase hologram 


39 is moved in the optical axis direction and thereby 
d/f can be varied, and hence the dimensions of the 
diffraction light pattern from the phase hologram 39 
can be adjusted to fit those of the bonding member 16. 

Fig. 9 is a view to explain a meithod for positioning 
a diffraction light pattern in the manuf acturing method 
for packaging a crystal oscillator using a phase 
hologram. In this fourth embodiment, light energy is 
reserved in the zero-tlh order diffracted beam 41 from 
the phase hologram 39 and the zeroj^th order diffracted 
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beam 41 is used for j positioning] a diffraction light 

I ; 

pattern. More specijf ically , a ]?hoto-detector 46 is 

arranged at a fixed pclsition and t3ien a position at which 

i 

the photo— detector 4 6 detects the zero-th order 
diffracted beam 41, as shown in Fig. 10, is decided as 

j : 

a reference position; of the diffraction light pattern 


40. 


Therefore, a distance D from the reference 


position of the photo-detector 4£i 
of the case 10 (in which a crystal 


mounted) and the lid 14 to be welded is set. Then, the 
case 10 and the lid 14, which have yet to be sealed, 

i [ 

are moved by the distance D from the position where the 

j ; 

photo-detector 46 detiects the zero— th order diffracted 


beam 41, By doing so, the case 

j 

rightly positioned tp be welded 


to a preset position 
oscillator is already 


}0 and the lid 14 are 
And thereafter, 


a diffraction light 
and size* 


welding and sealing Ipy the diff rpction light pattern 
4 0 can be suitably carried out. 

A variety of diffraction lijght patterns can be 
generated for sealing Iby designing a phase hologram and 
therefore it is possible to obtairji 
pattern having a required shape 

i 

Moreover, an etching depth ojf the phase hologram 

i & 

is adjusted and thereby it is possible to control the 

| ; 

intensity of the zercj-th order d(Lf fraction from the 
phase hologram. j 

In the above embodiments , there may be further 
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provided a temperatujre monitor, 
temperature distribution over a we 


which monitors the 
iLd portion of the case 


10 and the lid 14. The temperature monitor monitors 
the temperature of the weld portion during the laser 
beam irradiation to tjhe bonding niember 16 and thereby 
a proper amount of light energy c -an be supplied to the 


bonding member 16 in 


accordance 


temperature. Therefore, it is possible to improve the 


welding and 


product quality when 
and the lid 14. 

Further, in the 
oscillator 12 was mentioned as an 
product. What is packaged is not 
oscillator. For example, variou| 


With the monitored 


sealing the case 10 


above embociments, the crystal 

i 

example of a packaged 
^limited to a crystal 
integrated circuit 


devices (including peripheral circuit connected to the 

device) are recited. \ In particular, considering that 

| | 

the lid 14 should allow the lasejr beam to transmit 

j ! 

through it, the present invention is optimally 
applicable when packajging devices I that emit or detect 
light signals, such 4s a semiconductor laser, a 
photo-diode a light-einitting diodie, and a CCD sensor „ 
In addition, the present invention makes it possible 
to perform wire stripping and resistor trimming inside 
of the package through the lid ev<3n after the package 
is sealed. Therefore, the present invention is 
applicable when packaging circuit boards. 


Furthermore , in 


the above 
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enibi 


odiments, the case 


and 


meeting 


alloy 


10 may foe formed out! of metal 

ceramics- In addition to low 

I 

bonding member 16, lisad-tin 

i 

resin may be used asj bonding m< 
The preferred embodiments 
invention have been ^escribed 
accompanying drawings! . However , 
is not limited to th0se embodiments. 


glass as well as 

point glass, as 
and thermosetting 
er 16. 
f the present 

reference to -the 
the present invention 


aerjb 


i 

wi^th 
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